Abstract. This paper presents the BRENHET application, which introduces a new concept in searching for educational resources by using a learning object paradigm that describes these resources. The application is composed of a complete agentbased architecture that implements the concept of federated search. It can search different repositories in parallel, and is based on abstraction layers between the repositories and the search clients.
Introduction
One of the biggest advances in the field of distance education has been the incorporation of the learning object paradigm [1] . The main advantage derived from the use of these elements is the reusability of the educational resources. These learning objects (LOs) incorporate both a self-contained modular resource and a set of descriptive metadata, which makes it possible to automate any search and sort process.
LOs are typically stored in digital repositories that, being highly heterogeneous, have different storing systems, access to objects, query methods, etc. The problem of heterogeneity in database systems has been the object of much research for quite some time [2] now and, as such, is not particularly critical. However, the fact that the repositories do not contain a high level layer that provides an abstraction between its internal functioning (which should be a black box) and the end users working with the stored data, results in a seemingly insurmountable problem suffered by the majority of repositories. In an attempt to avoid this problem, some repositories have an abstraction layer between their internal and external characteristics, permitting them to better automate and process their learning objects, and allowing for new types of applications referred to as federated search LOs [3] .
There are currently various studies underway that look at different ways of encapsulating heterogeneous learning object repositories (LORs). One of the most important, and currently the most used, is the SQI (Simple Query Interface) [4] which provides the repositories with an abstraction level between the internal and external heterogeneity that includes a specification with a wide range of possibilities (different service-based communication protocols, synchronous and asynchronous queries, stateless and stateful repositories, etc.).
After an extensive preliminary study, it is apparent that all current repositories use the VSQL [5] query language, which is both simple and powerful, since it is based on XML, and able to adapt perfectly to learning object searches. The semantic specification when searching for learning objects is the LOM (Learning Object Metadata) standard, which was formally approved by IEEE in 2002. Although LOM describes the LOs amply and correctly, it does not contain a required specification field. Thus the burden of correctly describing the educational resources is placed squarely on its authors.
This primary purpose of this article is to present the federated search system for LOs in digital repositories, which has been developed specific to this study. Known as BRENHET, the agent-based system uses the SQI interface to perform federated searches in different repositories and sort the retrieved LOs according to the different needs of the application users.
Searching for Learning Objects in Repositories
The current increase in resources for online education calls for the efficient management of those services and the elements involved. The greatest efforts within the context of e-learning are now focused on achieving the interoperability of the resources generated. It is within this context that LOs emerged with the aim of reusing educational resources and reducing their production costs [7] .
LOs have to be labeled with metadata so that they can be identified, located and used for educational purposes in web-based contexts. The pioneering standardization for LOs was developed by ARIADNE (Alliance of Remote Instructional Authoring and Distribution Networks for Europe). The Instructional Management Systems project (IMS) and Advanced Distributed Learning (ADL) initiatives emerged in an effort to develop standards for distributed learning technologies. The former has become the IMS Global Learning Consortium, whose key work has been in vocabularies and metadata for learning objects (IMS Learning Resource Metadata specification). The latter is the home of the SCORM (Sharable Content Object Reference Model), a Web-oriented data model for content aggregation focusing on the structure and run-time environment for LOs. SCORM is pretty much accepted as the standard for management of educational content, and its counterpart is a standard for management of educational content metadata [8] , Learning Object Metadata (LOM) from IEEE Learning Technologies Standards Committee (LTSC). RM were written to be very flexible and extensible, so a have many variant recommendations, they also have a r undation.The IEEE LOM standard (IEEE Draft 1484.12. eptual schema that defines the structures of the data for in The basic schema of LOM is composed of categories an ure 1, which can describe the resources very well. LOM data standards using XML namespaces. Specification, which provides a detailed description of th ach repository must meet in order to be compatible wit ibes the names of the methods that must be implemente meters received and returned during the search process. e able to rely on an efficient and interoperable search sy he recovery of learning objects from the repositories. Fo gned an SQI-based metasearch system that can perform buted repositories.
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In order to develop the BR plement an agent-based ar of the federated search in a SQI query interface. are provided. One is simple and quick, allowing the us words or an exact phrase that should contain the metada more advanced and powerful search that provides the use search options. rative functionality, the BRENHET system implements ent system that provides the application with an inclusio ories. This protocol incorporates an automated validatio ior to their inclusion, that ensures the application and th mous and reliable. he application is enhanced and its use greatly facilitate f the following additional functionalities: user manage agement, search history, and a complete system of stati ata gathered in each query from each repository.
Architecture
RENHET application, it was necessary to design and im rchitecture specifically focused on resolving the problem n repositories that store learning object through the use o g. 3 Sequence of task in federated search re above, the query and the results output processes ar d include the following phases:
tion. During the development of this phase, the query more common language that the user inputs in the appl QL language that, as previously mentioned, is the quer tories that implement the SQI interface. ent. This phase only needs to be executed in statefull re tifier is obtained through a query using web services. Once the session identifier, whether static or dynamic, is available, the next step that must becarried out is the actual query. A synchronous query is implemented so that the results are obtained as an answer to the web services query. 4. Metadata extract. Once the results have been obtained, the information contained in the metadata for each learning object is extracted. 5. Sortresults. Once all the learning objects are obtained, the results are ordered so that they can be presented to the user more properly. This selection process must consider the use made of the learning objects by the end users, and the quality of the objects themselves.
Phase 1 transforms natural language into VSQL language. Within the context of this type of query, the transformation phase is performed in a direct manner, which can be fully appreciated in Figure 4 .
dog "learningobject"
"dog" or "learningobject" <simpleQuery> <term>dog</term> <term>learningobject</term> </simpleQuery> Phases 2 and 3 of the algorithm constitute the majority of the time used in the query, since they make a series of requests to the LORs using web services. Phase 4 processes the results so that they can be more coherently ordered in the subsequent phase. This is possibly the most important phase of the algorithm since it considers various premises that can be divided into two primary groups:
1. Importance for the user. As users navigate the application, data is gathered from the use of LOs and later used during the ordering phase. 2. Quality of the LOs. The quality of the actual learning object is considered (key elements, number of elements, relationship with other objects, etc.).
During the algorithm design phase, the response time of the repositories was too high, just as with the results of initial study. One solution to this problem was to deploy the previously described phases 2, 3 and 4 in parallel, and to implement a timeout system. This reduced the response time to the end user and resulted in a completely functional application. The BRENHET search system architecture is composed of three basic blocks: Interface, Search system, and Communication protocols. These blocks constitute the foundation of the system's functionality. The interface is primarily used for a bidirectional communication between the users and the application. The search system is implemented through the use of agents that are responsible for security, communication and the taskflow in BRENHET. This block is the core of the application and integrates two types of agents that are each assigned to different types of tasks according to each one's primary objective. The first group is composed of deliberative and coordinating the area acquired in order to find t knowledge acquired and o interaction with the repos with great flexibility, even improve the overall time a
The following list desc tionality of the BRENHET e BDI agents, which are responsible for keeping track o as, can modify their behavior according to the knowledg the best solution. These agents base their decision on th on a series of statistical data that is gathered during eac sitories that contain LOs. This provides the architectur n for incorporating new agents in the future, which help and functioning of the global search process. cribes the predefined agents that provide the basic fun T architecture:
. Responsible for all the communication between the di d the application. Manages all of the requests and re y. These agentsuse Web services to communicate, an ages in XML format. ponsible for verifying the XML message sreceived an re correct, and that the LOs are of a good enough qualit ponsible for taking statistical data from each exchange o he repositories, and presenting the data to the other agen the best decisions at any given time. ble for sorting the results according to the statistical da ing objects made by the end users. his agent´s task is to supervise and ensure that the othe g correctly and that the application provides the desire ponsible for optimizing system performance with respos The second group of agents is based on a reactive agent platform that primarily aims to improve the application's overall response time. These agents must take into account a series of predefined temporal restrictions so that they can be capable of autonomously controlling the overall quality and reliability of the application.
Finally, the communication protocol permits the applications, services and sensors to be continually interconnected with the agent-based search system. This protocol is based on the SOAP standard and allows the exchange of messages between applications, services and repositories.
